The substrate-induced topological phase transition of silience is a formidable obstacle for developing silicene-based materials and devices for compatibility with current electronics by using its topologically protected dissipationless edge states. First-principles calculations indicate that the substrate will result in a phase transition from topological nontrivial phase to trivial phase of silicene, although its Dirac cone is still obvious. The substrate effect--equivalent to an electric field--annihilates its spin-orbit coupling effect, the reason why its quantum spin Hall effect (QSHE) of silicene has not been experimentally observed. Unfortunately, external electric field seems impossible to recover the QSHE due to the screen effect of substrate. We here first propose a viable strategy--constructing inverse symmetrical sandwich structure (protective layer/silicene/substrate)--to preserve quantum spin Hall (QSH) state of silicene, which is demonstrated by using two representatives (CeO 2 (111)/silicene/CeO 2 (111) and Density functional theory (DFT) was preformed to achieve optimized geometrical and Fig. 1(b1) ), while the lower layer Si atoms positioned on top of Ce atoms is named as NB configuration ( Fig. S1 (b1) ). Ab-initio molecular dynamics simulations and phonon spectrum calculations of four configurations reveal that these structures are thermodynamics stable, and the details will be systematically discussed elsewhere.
Two-dimensional (2D) materials (such as graphene and silicene) with a honeycomb geometry have attracted increasing attention owing to their unique electronic properties [1] [2] [3] [4] . Ever since the prediction of quantum spin Hall (QSH) state in freestanding silicon monolayer (silicene), researchers have been infatuated with the idea of its applications in spintronic device using its topologically protected dissipationless edge states, because of its uniquely suitable for integration in Si-based electronics. Compared to graphene, silicene possesses a large intrinsic spin-orbit coupling (SOC), opening a band gap (~1.6 meV [5] ) at Dirac points and topological nontrivial electronic structure, which can host the quantum spin Hall effect (QSHE) up to 18 K [5] . However, in sharp contrast to graphene, which can be mechanically exfoliated from graphite, silicon atoms in equilibrium low-buckled silicene adopt sp 2 /sp 3 -mixed hybridization states [6] , making it difficult to obtain free-standing monolayer silicene.
To realize the silicene spintronic devices based on QSH state, there are, until now, three essential ongoing challenges. First, an appropriate substrate to stabilize monolayer silicene is required. Second, as described below, interaction between silicene and the substrate must be weak to guarantee the existence of the Dirac cone and QSH state in silicene over an appreciable temperature range. Finally, silicene must be isolated or encapsulated to hinder its oxidation because of its air stability issue [7] .
Appropriate substrates, such as Ag [8] [9] [10] , Ir [11] , Ru [12] , ZrB2 [6] and ZrC [13] , for epitaxial growth of silicene have been hotly pursued both theoretically and experimentally. However, the interaction between silicene and these substrates is so strong that it markedly depress QSH state [14] . For instance, the orbital hybridization between Ag and Si atoms results in a surface metallic band and depresses the Dirac fermion characteristics [10] in an epitaxial silicene on an Ag(111) surface [15, 16] . In principle, eliminating or minimizing substrate effects could preserve Dirac cone of silicene [17] [18] [19] [20] . Until now, it is proposed that some substrates (such as MgX 2 (X=Cl, Br and I) [21] , GaS [22] , CaF 2 [18] , and BN [23, 24] ) can approximately preserve Dirac cone of silicene. Particularly, in the ingenious experiment, ARPES measurements have demonstrated Dirac cone of quasi-freestanding silicene by oxygen intercalation to weaken interaction with its Ag(111) substrate [25] . However, compared to freestanding silicene, the band gap in Dirac cone of silicene on the substrates are significantly large [18, 21-23, 25, 26] , due to the equivalent electric field induced by substrate [23, 27] . Unfortunately, the substrate-induced electric field makes silicene occurring topological phase transition from QSHE to band insulator [28] . This seems to be the reason why the QSH state in silicene on these substrates has, until now, few theoretical investigation, let alone experimental observations. Therefore, the fundamental question naturally arises: Can the QSH state of silicene be preserved on substrate at realistic temperature?
In this Letter, we elucidate the correlation between topological properties, stability and binding energy of silicene with its substrate with particular attention to how to preserve its QSH state. Based on first principle calculations, we find that silicene has become a band insulator regardless of how weak the interaction as it is steadily grown on substrate. The quantitative relation between binding energy and band gap reveals that the QSH state is almost impossible to be preserved in silicene/substrates system, the most likely reason why no QSHE of silicene have been demonstrated experimentally. We propose a viable strategy, by forming inverse symmetrical sandwich structure (protective layer/silicene/substrate) to preserve QSH state of silicene. This is of particular technological interest because it is the required prerequisite to generate Hall current of spin charges on the edges of the silicene in integrated spintronic devices.
Density functional theory (DFT) was preformed to achieve optimized geometrical and electronic structures with a projector augmented wave (PAW) [29] basis as implemented in Vienna Ab Initio Simulation Package code [30, 31] . The Perdew-Burke-Ernzerhof (PBE) Generalized Gradient Approximation (GGA) exchange-correlation functional method was adopted. All calculations were performed using the DFT/GGA+U method (U= 9.0 and 4.5 eV for Ce 4f and O 2p, respectively) to obtain band gap of CeO 2 . Moreover, the spin orbit coupling (SOC) was taken into account and the van der Waals interaction (DFT-D3 method with Becke-Jonson damping) was incorporated [32, 33] . The kinetic energy cutoff was 500 eV. Brillouin zone integration was Fig. 1(b1) ), while the lower layer Si atoms positioned on top of Ce atoms is named as NB configuration ( Fig. S1 (b1) ). Ab-initio molecular dynamics simulations and phonon spectrum calculations of four configurations reveal that these structures are thermodynamics stable, and the details will be systematically discussed elsewhere.
To explore the topological properties of silicene on CeO 2 (111), the band structures have been and S1(a2)), thus the QSH state would not be preserved. As expected, the approximate linear Dirac cone of silicene can be still preserved in NA ( Fig. 1(b2) ) and NB (Fig. S1 (b2)) configurations. Moreover, Dirac cone states in silicene near Fermi level are far from (about 1.5 eV in energy) the valence band maximum and conduction band minimum of CeO 2, demonstrating that CeO 2 is not only an appropriate substrate for growth of silicene [26] , but also would not destroy its Dirac cone. Meanwhile, a large band gap of silicene is opened at Dirac cone (245.2 and 286.1 meV for NA and NB configurations, respectively, Table I ), just as silicene is grown on other substrates [19, 26, 38] .
To reveal the physical origin of band gap increasing, we have constructed the low -energy effective model of silicene on substrates presenting of SOC near the K points by tight-binding methods [28, 39] :
（1）
where is Fermi velocity. and are the Pauli matrices, where represents the A(B)-sublattice of silicene, and represents the spin. are the intrinsic and Rashba spin-orbit terms, respectively. and represent the "mass" and "pseudomagnetic" term.
These parameters can easily derived by the calculated energy at K point and are listed in Table I .
More details are given in Supplementary Materials.
The band structure near the Dirac point from the low -energy effect Hamiltonian is quite close to the results of DFT (see Figs. 2(a) and S2 (a)), indicating that the tight-binding model can describe the electronic properties of silicene on substrates well. Clearly, the band gap of silicene on CeO 2 is dramatically increased compared with that of free-standing silicene, which can mainly be attributed to the "mass" terms ( ) appearing. The large "mass" terms (119.6 and 142.1meV
for NA and NB configurations, respectively; Table I ) imply that the substrate effect is equivalent to a perpendicular electric field, which its magnitude depends on stacking patterns. Direct DFT calculation shows that the static electronic potential step between upper and lower layer Si atoms are 231.1 and 295.4 meV for NA and NB configurations, in well agreement with the sublattice potential step ( ) by tight-binding model. Unexpectedly, the spin-orbit term is changed due to substrate effect: its magnitude relies on the buckle height of silicene and stacking patterns; in particular, the bigger buckle height (or sublattice), the stronger the spin-orbit interaction will be [27, 39] . Compared with "mass" terms, however, the change of spin-orbit term is slight. To compare the intrinsic "atomic" SOC term of monolayer silicene and the SOC induced ( ) by CeO 2 (111) surface, we construct ideal s ilicene/CeO 2 (111) models, which are only varied the interfacial distance and without optimizing structure of silicene (named as NA-H or NB-H configuration). The calculated are 0.67 and 0.20 for NA and NB configurations, respectively; indicating the substrate increases the intrinsic SOC. Due to breaking of inversion symmetry, the CeO 2 (111) surface also induces the extrinsic Rashba SOC, which its strength (Table I) is positive correlation with the sublattice potential and intrins ic SOC, in agreement with others [27] . A"pseudomagnetic" term, induced by CeO 2 (111) surface, is too weak to influence the topological properties of silicene. Obviously, is much larger than the other three parameters. Therefore, the large equivalent electric field (the "mass" term) induced by substrate is the main cause of increasing band gap of silicene.
It has been demonstrated that the system will be a topological insulator if the term is dominant, whereas if is dominant, the system is a normal insulator [3, 28] . (Table SI) . Similarly, a large band gap of silicene is also induced by monolayer BN (Fig. S12 ).
Using tight-binding methods, the increased band gap of silicene is also attributed to the equivalent electric field induced by CaF 2 (111) surface. Thus, the silicene/CaF 2 system is also a normal insulator because is dominant (Table SI) , and Z 2 invariant also supports the transition from the topologically non-trivial nature to topologically trivial insulator.
These results and others [24] have confirmed that the substrates always induce the topological phase transition of silicene. In principle, the QSH state of silicene can be preserved as the substrate interaction is small enough. However, the interaction between silicene and substrate should be strong enough to stabilize silicene. To deal with this dilemma, the key issue is to expound the quantitative relationship between binding energy and band gap, and topological properties of silicene on substrate. For van der Waals heterostructures, the bigger the interfacial spacing, the weaker the interaction is. Fig. 3 roughly equivalent to typical thermal energy at room temperature. This demonstrates that preserving both the QSH state and the stability of silicene is mutually exclusive on substrate, due to the fact that the Dirac cone consisted of p z states is easily destroyed [43] .
Since the substrate effect on the electronic structure of silicene can be equivalent to an electric field, the natural question is: whether can its QSH state be recovered by directly applying an external electric field? We calculate the band structures of silicene/CeO 2 (111) (NA and NB configuration) under different external electric fields, as given in Figs. S6 and S7. Disappointingly, the large band gap of silicene could hardly be tuned by external electric field, regardless of its magnitude and direction. This is due to the fact that the substrate may largely screen the extra electric field [43] . Even worse, the strong electric field will make Dirac cone of silicene into the valence or conduction band of CeO 2 , implying the QSH state cannot be recovered by directly applying an external electric field.
To facilitate its applications in spintronic device, we here first propose a practical In conclusion, we have demonstrate that the substrate interaction will destroy the QSH state of silicene, regardless of how weak the interaction, when the silicene is stable in silicene/substrate system at room temperature. The transition of silicene from the topological nontrivial phase to normal insulator has verified by edge state and topological invariant due to the substrate effect.
Directly applying an external electric field seems most impossible to recover the QSH state of silicene because of the screen effect of the substrate. We first propose the inverse symmetrical sandwich structure, as an effective strategy, to preserve the QSH state, as well as the stability of silicene. This could be an important step toward development of silicene-based nanoelectronic devices. 
Tight-binding methods:
To Table I . is the Pauli matrices of AB-sublattice.
From the Eq. (2), the parameters are:
where is the expectation values for the z component of spin, and are the eigenvalues at K point, which can been acquired by the wavefunction from DFT [2] . These parameters can easily derived by calculated the energy at K point. 
